Transforming growth factor-β1 (TGF-β1) is a known potent inducer causing epithelial to mesenchymal transition(EMT) in some cancers. The present study was to evaluate the effect of hesperidin on EMT of non-small cell lung cancer (NSCLC) in vitro. In this study, A549 cells, a cellular line of non-small cell lung cancer, were used for evaluation of EMT induced by TGF-β1. MTT assay was used to evaluate the effect of hesperidin on cell viability with or without TGF-β1 co-culture. At the same time of TGF-β1 addition or after cellular morphological change by TGF-β1 stimulation, hesperidin was given to cells, respectively. Roundness of cells, E-cadherin, α-SMA, Col-I, MMP-9, TIMP-1 were evaluated EMT by TGF-β1 induction and effect of hesperidin on the transition. 40 and 80μM hesperidin showed significant inhibition on cellular viability without TGF-β1; coculture with TGF-β1, 40μM hesperidin showed significant inhibition on the viability but not showed significant inhibition after TGF-β1 stimulation. Whether co-culture with TGF-β1 or addition after TGF-β1, 40μM hesperidin showed inhibitory effect on epithelial to mesenchymal transition and inhibitory effect on extracellular matrix degradation of MMP-9. The above results suggest that hesperidin could be a potential candidate for inhibited migration of non-small cell lung cancer.
INTRODUCTION
In the world, Lung cancer with standardized incidence rate (ASIR) is the third major cancer and is the first and most common cause of cancer death. 1 generally; lung cancers are divided into two major classes, non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC) and NSCLC accounts for most of all lung cancer cases. 2, 3 Although chemotherapy is applied for treating NSCLC, the effect of treatment is poor due to serious toxicities. 4, 5 Therefore, some studies have paid attention to natural molecules or extracts which made from leaves, seeds, flowers, fruits, barks and roots, expecting to find out ideal anti-NSCLC drugs with non-toxic or low-toxic, cost-effective and physiologically available character.
6,7
Hesperidin, a natural flavonoid (C 28 H 34 O 15 ) consists of an aglycone (hesperetin) and an attached disaccharide and is abundantly present in oranges and lemons. Hesperidin has wide pharmacological activity, such as anti-inflammatory, analgesic, anti-fungal, antiviral and anti-cancer properties. 8 As for anti-cancer, studies have shown anti-cancer properties of hesperidin are mainly associated with their antioxidant, radical scavenging and anti-inflammatory activities.
Hesperidin intervenes in cancer at different stages. Unlike conventional anti-cancer drugs, it inhibits tumor growth by targeting multiple cellular protein targets at the same time, including caspases, Bcl-2 (B-cell lymphoma 2) and Bax (Bcl-2 associated X protein) for the induction of apoptosis, and COX-2 (cyclooxygenase-2), and MMP-2 (matrix metalloproteinase-2) for the inhibition of angiogenesis and metastasis.
9 At present, a study showed that hesperidin could elicit anti-proliferative and apoptotic effects on NSCLC cells through modulating immune response-related pathways that affect apoptosis. 9 Reviewing the last studies, according to our knowledge, no a study investigated the effect of hesperidin on alveolar epithelial to mesenchymal transition (EMT). However, deaths of NSCLC are mainly attributed to metastasis. 10 As an early event in tumor metastasis, EMT is critical for the switch of early-stage tumors into invasive malignancies. 11 As a consequence, deep understanding of effects of hesperidin on EMT is very helpful in evaluating its action of anti-NSCLC, which is our purpose in the study.
MATERIALS AND METHODS

Cells and culture conditions
The A549 NSCLC cell line was provided by the Institute of Biochemistry and Cell Biology, Shanghai Institutes for Biological Sciences of Chinese Academy of Sciences (Shanghai, Chine). Cells were cultured in RPMI1640 medium (Beijing Solarbio Science﹠Technology Co., Ltd, Chinese, Lot. No. 20131121) supplemented with 10% fetal bovine serum(FBS, Tian Hang Biological technology Co., Ltd, Chinese Lot No.120509) at 37℃ in a 5% CO 2 incubator. A549 cells were passaged at 80-90% confluence using 0.25% trypsin, 1mM EDTA (Sigma).
Reagents and assay kits
Recombinant human TGF-β1 was purchased from Pepro Tech Ltd (USA). MTT and DMSO were products of Sigma (USA). Soluble ECAD Elisa Kit, human total MMP-9 Elisa kit, α-SMA and human TIMP-1 Elisa Kit were purchased from Boster Biological Technology Co., Ltd (Wuhan, China). Human Col-1 Elisa Kit was purchased from Cloud-Clone Corp (Wuhan, China). Mouse anti human α-SMA monoclonal antibody and SABC-POD immuno histo-chemistry (mouse IgG) kit were supplied by Boster Biological Technology Co., Ltd (Wuhan, China).
Preparation of hesperidin
Hesperidin, with 95.3% purity (ID: 2QHY-PH93), purchased from National Institutes for Food and Drug Control of China, was dissolved in DMSO as a 100 mM stock solution and was filtrated with 0.22µm Millipore Syringe Filters (EMD Millipore Corporation, United States) and stored as aliquots in tightly sealed vials at −20°C. Working solutions were prepared by serial dilution of the stock solution with culture medium and were diluted into different doses of hesperidin.
Assay of effect of hesperidin on cell growth with or without TGF-β1 stimulation
For without TGF-β1 stimulation, cells were seeded at a density of 3 × 10 4 /ml (0.1 ml/well) in 96-well micro titer plates and allowed to adhere and grow for 24 h. Then, the medium in a well was exchanged into RPMI1640 medium with 10% fetal bovine serum, supplemented with 0-80 μM of hesperidin, respectively. Subsequently cells were incubated for 48 and cell viability was assayed with MTT method. For with TGF-β1 stimulation, after adhering and growing of cells for 24 h, the medium in a well was exchanged into 0.1 ml serum-free RPMI1640 medium and incubated for 8 h for starvation. Subsequently, cells were treated with RPMI1640 medium supplemented with 10% fetal bovine serum and 5ng/ml TGF-β1 as control, or additional 10, 20 and 40 μM of hesperidin, respectively. In addition, some cells were treated with RPMI1640 medium supplemented with 10% fetal bovine serum as normal. Subsequently, all cells were incubated for 48 h. After incubation, cell viability was assayed with MTT method.
Evaluation of effects of hesperidin on EMT induced by TGF-β1
Induction of EMT and interference with hesperidin
Cells were seeded at a density of 5 × 10 4 /ml (0.5 ml/well) in 24-well micro titer plates and allowed to adhere and grow for 24 h. Then the medium in a well was exchanged into 0.5 ml serum-free RPMI1640 medium and incubated for 12 h for starvation. Subsequently, for assays of co-culture with TGF-β1, cells were treated with RPMI1640 medium supplemented with 10% fetal bovine serum and 5ng/ml TGF-β1 as control, or additional 10, 20 and 40 μM of hesperidin, respectively. Furthermore, some cells were treated with RPMI1640 medium supplemented with 10% fetal bovine serum as normal. Subsequently, all cells were incubated for 48 h. For assays after TGF-β1 stimulation, cells were treated with RPMI1640 medium supplemented with 10% fetal bovine serum and 5 ng/ml TGF-β1 for 12 h. Then, the medium in a well was exchanged into RPMI1640 medium supplemented with 10% fetal bovine serum as normal or additional 10, 20 and 40 μM hesperidin, respectively. Subsequently, all cells were incubated for 36 h.
Image acquisition and cellular morphometry
After incubation, all cells were placed in phase contrast microscope (Eclipse MV/TS 100LED-F MV Inverted microscope) and three arbitrary fields of a well in a plate were captured by a digital camera, and saved in a computer. Cellular shape of the images was measured and analyzed in accordance with previous methods. 12 Adobe Photoshop CS2 (Adobe Systems Inc.) software was used for selecting, depicting shape and segmenting cells in the images. Subsequently, Image Pro Plus 6.0 software (Media Cybernetics) was applied for calculating roundness and radius ratio of the cells and the calculated results were saved in a computer in excel files.
Assay of E-cadherin, Col-I, MMP-9 and TIMP-1 levels
After image acquisition, all medium was removed into sterile Effendolf tubes and was centrifuged at 1000 g, 4°C for 20 min. The supernatant was taken off and stored at -20°C. Within 3 days, the E-cadherin and Col-I levels in the supernatant were assayed with enzyme linked immuno sorbent assay kits according to the manufacturer's protocols. Furthermore, total protein value in medium was assayed with BSA method.
Assay of α-SMA expression
In some 24-well micro titer plates, a round slide was added into a well at the beginning time of culture for cells growing on the slide. Finally, the cells were assayed α-SMA with immuno histo-chemistry method as we reported before.
13 For semi-quantitative measurement of expression of α-SMA, Image Pro® Plus 6.0 software (Media Cybernetics, Inc., Bethesda, MD, USA) was run according to instructions. The integrated optical density (IOD) of all the positive staining in each field and area of interest (AOI) was measured. The ratio of Mean Optical density (MOD = IOD sum/area) was used to evaluate the expression of the protein.
Statistical analyses
All the data were expressed as mean ± standard error of the mean (SEM).The significance of differences between groups was assessed by a one way analysis of variance (ANOVA) using SPSS 16.0. Differences with a p-value of <0.05 were considered statistically significant.
RESULTS
Anti-proliferation effect of hesperidin
As shown in Figure 1 , hesperidin could decreased cellular viability with dose dependency, whether with or without TGF-β1 stimulation. 40 µM and 80 µM hesperidin could significantly decreased cell viability without stimulated by TGF-β1 (P<0.01). 40 µM hesperidin could significantly decreased cell viability with TGF-β1 stimulation (P<0.01), which appeared to inhibitory effect of hesperidin on proliferation of A549 cells stimulated by TGF-β1. The degree of viability of hesperidin-treated was expressed as a percentage of its absorbance value versus the absorbance value of the TGF-β1 (TGF-β1=0, Hesperidin=0), then multiplied by 100. Left figure showed effect of heperidin on cellular proliferation without TGF-β1 stimulation and right figure showed that with TGF-β1 stimulation.
Effect of hesperidin on cellular morphological change induced by TGF-β1
After 12 h TGF-β1 stimulation, most cells showed a decrease in cell-cell contacts and adopted a more elongated shape but most TGF-β1-untreated A549 cells showed a pebble-like shape and cell-cell close adhesion (Figure 2 ). These morphological changes were quantitatively determined by the roundness of the cells. As expected, the roundness value of TGF-β1-treated cells was significantly lower than TGF-β1-untreated cells (P<0.01). However, hesperidin could not show the significant effect on the roundness values (Figure 2 ), suggesting not remarkably effective inhibition for the cellular morphological changes.
Effect of hesperidin on E-cadherin, Col-I, MMP-9 and TIMP-1 levels
For results of assay of co-culture with TGF-β1 and hesperidin, as shown in Figure 3 , TGF-β1 was showed to significantly increase mensenchymal proteins levels including of collagen I and significantly decrease epithelial protein levels, such as E-cadherin. Hesperidin could significantly inhibit increase of collagen I and significantly inhibit decrease of E-cadherin induced by TGF-β1. On the other hand, TGF-β1-treated A549 cells secreted more MMP-9, lower TIMP-1, showing imbalance of MMPs/TIMP. Hesperidin could significantly reduced MMP-9 product and increased TIMP-1 production. For results of assay of hesperidin usage after TGF-β1 stimulation, other results were similar to those in co-culture except collagen I, showing no significant difference between two groups. The results suggested that hesperidin could inhibit EMT not only in same time of TGF -β1 stimulation but also after the time of TGF -β1 stimulation.
Effect of hesperidin on expression of α-SMA
As shown in Figure 4 , TGF-β1 was showed to significantly increase α-SMA protein expression.
DISCUSSION AND CONCLUSION
In the paper, anti-proliferation activity of hesperidin on A549 cells was evaluated with MTT assay. In accordance with published papers hesperidin appeared anti-proliferation of cancerous cells under normal culture conditions, 9, 14 and hesperidin, at least 40 µM, also appeared the similar activity under 5ng/mL TGF-β1 stimulation. Furthermore, the cells stimulated by 5 ng/mL TGF-β1 showed morphological change from a pebble-like shape and close gaps between cells to a spindle-like shape and wide gaps after 12 h stimulation, appearing to morphological change of EMT in A549 cells. 12, 13 With increasing of stimulation time, the morphological change was more obvious, with significant decrease of E-cadherin and significant increase of collagen I and α-SMA, showing cellular cytoskeleton remodeling. Besides anti-proliferation, 40 µM hesperidin, co-culture with TGF-β1, showed partly inhibition of the EMT with decrease of collagen I and α-SMA and increase of E-cadherin, however, without significant change of cell morphology evaluated by roundness analysis. Similar results were showed in 40 µM hesperidin added after 12 h TGF-β1 stimulation. Comparing to 40 µM hesperidin, 20 µM hesperidin showed lower inhibition of EMT with only significant improvement of E-cadherin, and without significant anti-proliferation. The above results supported our hypothesis that hesperidin might inhibit EMT in NSCLC cells besides anti-proliferation, not only protective effect but also depressing on induced EMT.
A recent paper showed that hesperetin, a major structure of hesperidin, interfered with ligand-receptor interactions in TGF-β1 signaling pathway, 15 suggesting that hesperidin might have similar effect too. The results in the study from co-culture with TGF-β1 supported the hypothesis. On the other hand, the inhibitory effect after 12 h stimulation of TGF-β1 suggested that heperidin might also interfere with signal transduction in cellular plasma or nucleus of TGF-β1 signaling pathway. Consistent with a previous reports, 16 A549 cells of TGF-β1-induced EMT showed significant increase of MMP-9 product and significant decrease or not significant change of TIMP-1, which showed damage of balance of MMP and TIMP expression. Hesperidin could inhibit the changes, out of doubt, relating to its inhibition of EMT. However, according to some published papers, the inhibition on MMP-9 might relate to complex mechanisms, for example, suppressing transcription or expression of MMP-9. 17 Whether the inhibition on MMP-9 is related to other stimulators and their signal transduction pathways should be explored in the future. Hesperidin is a low toxic glycoside flavonoid, can be available under low cost, and has anti-cancer activity for NSCLC cells. 18 Furthermore, it has been found out complex pharmacological actions on anti-cancer, including of antioxidant, radical scavenging, antiinflammatory, inhibitory proliferation, and inhibition of MMP-2 and MMP-9. Different from them, in the study hesperidin was showed inhibitory effect on EMT of NSCLC cells. In NSCLC cells, EMT is attributed to one of key pathways on therapeutic resistance and tumor recurrence, through enhancing the cancer cells to acquire ability of migration, invasion and stem cell like characteristics. 19 The above results support that hesperidin could be valuable as an agent for anti-NSCLC and the next study will be explored effects of hesperidin on NSCLC animals or patients, alone usage or combined usage with other anti-cancer agents.
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